Multilayered films are a new kind of coating that belong to a more plentiful family of materials labelled as nanostructured materials. These kinds of coatings stand in the frontier of investigation in thin films for structural applications. In the present Ž . work, multilayered coatings with alternated layers of W᎐Ti᎐ N and Ag were deposited to be used as wear resistant surfaces. The Ž . w association of the high hardness, wear resistance of W᎐Ti᎐ N layers Proceedings of the Eleventh LAWPSP Symposium, Ž . Ž . x SL1.1-SL1.7, Bombay, India 1998 ; Surf. Coat. Technol., 102 1998 , 50 and the good ductility of the silver ones is the guarantee of obtaining a better mechanical performant coating. However, to reach a satisfactory comprehension of the behaviour of the coatings in service a true understanding of some important properties is needed. For this reason, hardness, Young modulus, internal stresses and adhesion were evaluated, as well as function of the number and thickness of the layers. ᮊ
Introduction
Increasing the lifetime of a component by the deposition of a hard coating has always been one of the main goals of surface engineering. Towards this, different tungsten-based coatings have been deposited in order to improve the mechanical and corrosion properties of mechanical components.
Previous studies in W᎐N sputtered coatings have shown that the solubility of nitrogen in tungsten can attain approximately 17 at.%, for higher nitrogen con-Ž . tent a tungsten nitride W N structure was deposited 2 w x 1,2 . In order to improve the properties of W᎐N, Ž . pseudo-binary coatings like W᎐Ti ᎐N were researched w x 3 .
However, the enhancement of the deposition tech-U Corresponding author. Tel.: q351-39-790-700; fax: q351-39-790-
701.
Ž . E-mail address: teresa.vieira@mail.dem.uc.pt M.T. Vieira . niques associated to materials and surface engineering knowledge has given rise to the envisaging of a new kind of 'non-homogeneous' coatings: multilayered coatings. The reason for such an effort can be seen in the unusual and often singular properties of these kinds of coatings. In fact, coatings composed of periodically alternated layers of different materials present mechanical properties that are not just the combination of those presented by individual layers. Up to now, major research has been concerned with the improvement properties using the nanostructured multilayers; con-Ž sidering these coatings as homogeneous materials very . short period . Few works have dealt with submicron scale coating, which cannot theoretically be considered as being homogeneous coatings. However, these coatings could contribute to increasing wear performance relative to ordinary monolayer coatings.
The present paper is an attempt to try to evaluate the mechanical properties, such as hardness, Young's modulus, by a depth-sensing test, concerning the influ- and the interelectrode distance of 65 and 90 mm, Ž . respectively. The film were deposited on M2 AISI substrates quenched and tempered to 9.2 GPa of hardness. Immediately before deposition and after polish-Ž . ing, to an average roughness R of 50 nm, the suba strates were ion cleaned. After previous studies of the deposition rate of each target material, the sputtering conditions were controlled to obtain coatings with 5.5
Ž . m of total thickness. The ductile layer Ag presented 80 nm thickness and the total number of layers of each coating were 3, 17 and 33. As-deposited film structures Ž . were detected by X-ray diffraction using Co K radia-␣ tion, in ᎐2 Bragg-Brentano mode. The global chemical composition of the coatings was evaluated by elec-Ž . tron probe microanalysis model Camebax SX50 . The morphologies of the coatings were characterised by Ž . conventional scanning electron microscopy SEM using a cross-section technique. The residual stresses of the coatings were measured by a beam bending deflection technique based on the Stoney expression, using carbon steel plates 0.50 mm thick substrates. The hardness and Young modulus of the coatings were measured using micro-indentation hardness equipment Ž . Fischerscope H100 . Loads of 50, 100, 200, 300, 500 and 1000 mN were applied and the load vs. indentation depth was continuously monitored. Due to the material heterogeneity of multilayered coatings, the hardness Ž . value and Young's modulus expression 1 as a function of the number of layers is expressed for the same Ž . w x corrected indentation depth h 4 .
Where d h rd p is the compliance, C is the complipc 0 ance associated to the equipment, E and are Young's i i modulus and Poisson's ratio of the indentor, respectively, and the Poisson's ratio of the coating. The adhesion of the coatings were evaluated by Ž . scratch-test CSEM-Revetest using a progressive normal load ranged from 0 to 80 N with a loadrdisplacew x ment ratio of 10 Nrmm 5 . The adhesive failures were observed by optical microscopy with a magnification of 100 = .
Results and discussion
Among the films produced, two different as-deposited structures were detected as a function of nitrogenrargon ratios. presence of high quantities of this element in W᎐Ti-Ž . based films class II leads to a decrease in tungstenr w x titanium rate 9 .
Ž . The presence of interlayers Ag contributes to an abnormal increase of nitrogen content in the hard layers with the increase of number of layers in multilayered coatings. In fact, usually due to the target poisoning with nitrogen the initial material deposited on substrate has abnormal nitrogen content, but the overall chemical composition of the ensemble is not significantly affected. As the thickness of W᎐Ti᎐N layers decreases, that means the number of Ag layers increases, the nitrogen content in each layer of W᎐Ti᎐N approaches to the initial material so much that the thickness of the ceramic layer decreases.
The analysis of the silver thin film chemical composition obtained in a nitrogen atmosphere, similar to those used in the deposition of multilayered coatings, shows a very low quantity of nitrogen, probably adsorbed. Ž As monolayers, the Ag and the W᎐Ti᎐N films see . Fig. 1 presented compact morphologies. Due to the similar atomic weights of W and Ag it was difficult to find enough contrast in the multilayers to resolve different layers in the SEM by backscattering. In order to enhance the localisation, number, period and uniformity of the deposited multilayered coatings, Ti was used as a nanoscale layer in spite of Ag. Fig. 2 reveals a continuous and uniform nanoscale layer and these lay-Ž . ers interlayer seem to hold the morphology of hard . the substrate effect. The as-deposited silver shows a hardness of 2 GPa, double the value of hard bulk silver, and characteristic of sputter-coated films.
For both classes of hard layers the multilayer hardness is not strongly dependent on the number of layers. When the hard layer is of class I, the presence of ductile layers seems to contribute to a light increase in Ž . hardness 13% . This behaviour must be attributed to the incorporation of nitrogen during the deposition of Ž . W᎐Ti ᎐N layers, as is demonstrated in films with 3 and 17 layers of the same nitrogen content, where Ž . hardness values are similar Fig. 3 . But for class II the effect is the opposite, a decrease of 12% in 17 layers can be observed.
The residual stress, at room temperature, in the monolayered W᎐Ti᎐N coating is highly compressive Ž . sy7.75 GPa , but the presence of a very thin Ag . with 17 layers . The adhesion collapse of the coating is always in the interface coatingrsubstrate and the coating with 33 layers showed no adhesion at all.
Conclusions
Although the presence of a ductile layer of silver in multilayered coatings W᎐Ti᎐NrAg with low nitrogen content worsen the coating's performance, the introduction of ductile layers in the ceramic W᎐Ti᎐N coating do not affect the hardness but lead to an important increase of adhesion of the film to the substrate. In fact, multilayered coatings with eight layers of silver Ž . with 80 nm of thickness each 17 layers in total presented a L value double that of the W᎐Ti᎐N c2 monolayered coating. Finally, a single 80 nm thick silver layer is enough to promote a substantial decrease of the state of compressive stress of the multilayered coatings.
